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TITLE: FERROELECTRIC THIN FILM COMPOSITES WITH IMPROVED 

TOP CONTACT ADHESION AND DEVICES CONTAINING THE 
SAME 

SPEanCATION 

Field of the Inventioii 

The present invention relates to ferroelectric thin film composites having improved top 
contact adhesion which have particular applicability in capacitors. 

Backfinround of the Invention 

Soi-gel coating is a technique for depositing thin films at relatively low temperatures. 
Such techniques, which may be used to produce piezoelectric thin films, minimize thennal 
expansion from a mismatch between a dielectric coaling and substrate. In piezoelectric thin 
films, it is not uncommon for cracks to result in the composite when sol-gel processing is used 

Attempts have been reported in literature relating to the formation of barium titanate and 
lead zirconate titanate fihns, fabricated fiom solutions containing polyvinyl pyrrolidone, for use 
as crack-free piezoelectric tiiick films. See, for instance, Kozuka, H., and Kajimura, M., "Single- 
Step Dip Coating of Crack-Free BaTiOa Films > 1 Micro Meter Thick: Effect of 
Poly(vinylpyrrolidone) on Critical Thickness", Journal of the American Ceramic Society, vol. 83 
(5), pp. 1056-1062, 2000; Kozuka, H., Takenaka, S., Tokita, H., Pfirano, T., Higashi, Y., 
Hamatani, T., "Sti^ss and Cracks in Gel«Derived Ceramic Coatings and Thick Fibn Formation", 
Journal of Sol-Gel Science and Technology, vol. 26 (1-3), pp. 681-686, 2003; and Kozuka, R, 
Higuchi, A., "Single-Layer Submicron-Thick BaTiOi Coatings &om Poly(vinylpyirolidone)- 
Containing Sols: Gel-to-Ceramic Fibn Conversion, Densification, and Dielectric Properties", 
Journal of Materials Research, vol 16 (1 1), pp. 3 1 16-3 123, 2001. Such pubUcations disclose that 
incorporation of polyvinylpyrrolidone in solutions for sol-gel processing reduce crack formation 
during heating as well as tensile stress in heat-treated barium titanate fihns. Further, Yu, S., Yao, 
K., Shannigrahi, S., and Hock, F.T.E; "Effects of Poly(ethylene glycol) Additive Molecular 
Weight on flie Microstructure and Properties of Sol-gel-derived Lead Zirconate Titanate Thin 
Fihns", Journal of Materials Research, vol. 18(3), pp. 737-741, 2D03 discloses the use of lead 
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zirconate titanate thin films incorpoiating polyethylene glycol in sol-gel precursor solutions to 
render crack-free films. 

« 

The procedures of the prior art, while reporting the formatioa of crack-firee piezoelectric 
Uiick films, aie not directed to the production of feiroelectric thin film layer devices, such as 
capacitors, which exhibit reduced leakage cunent and uniforai electrical and mechanical 
properties. Such unifonn properties are necessaiy with fenoelectric tViin film capacitors in order 
to prevent poor adhesion of tlie top metal contact 

Methods of developing crack- fiee ferroelectric thin film composites and capacitors which 
exhibit a reduction in leakage current, uniformity across the capacitor and top contact adhesion 
axe therefore desired. 

Summary of the Invention 

The invention relates to a method of forming ferroelectric thin film composites having 
improved top contact adhesion using low temperature sol-gel techniques. Each of the dielectric 
layers of the composite is preferably polycrystalline or nanocrystalline. 

The ferroelectric thin fihn composites of the invention may be prepared by depositing 
onto a substrate, preferably by sol-gel techniques, a precursor composition for a first thin film 
layer. The piecmsor composition contains an organic solvent and organometalhc compounds. 
The coated substrate is then heated until a first thin film layer is obtained. 

Prior to depositing the first precursor composition onto the substrate, it may be preferable 
to deposit, preferably by sol-gel techniques, a buffer precursor composition onto the substrate. 
The buffer composition may contain a polymeric heterocyclic amide, such as 
polyvinylpyrroUdone. 

A second precursor composition for a second thin film layer is then deposited onto the 
first thin film layer. The precursor composition for the second (i.e.^ top or contact) thin film 
layer contains organic solvent, a polymeric heterocyclic amide and organometaUic compoimds. 
Upon deposition, the composite is heated until a porous thin film layer is obtained. The amount 
of porosity of the resulting porous thin layer is dependent iipon the ratio of metal to polymeric 
heterocyclic amide in the second precursor composition. 

Hie resulting product is then annealed and a patterned thin metal layer may be formed. 
A top contact may then be formed onto the second thin film. 
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Hie optional bxififer layer has a thickness between ftom about 40 mn to about 300 xm. 
The total thickness of the first thin fihn layer, which may be composed of one or multiple 
layers, is between from about 50 nm to about 900 mn, the thickness of the first thin film layer 
being greater than that the thickness of the buffer layer, when present The thickness of the 
second thin film layer is between from about 40 to about 300 nm. 

Suitable low temperature sol-gel coatmg techniques include spin-coating, dip-coating, 
spray coating, meniscus coating, flow coatuig, physical vapor deposition (PVD) and metal 
organic chemical vapor deposition (MOCVD). 

The ferroelectric thin film c^acitors foimed hi accordance with the invention exhibit 
improved top contact adhesion due to the presence of the polymeric heterocyclic amide in the 
second precmsor composition. The unproved top contact adhesion of the porous structure may 
also be attributable to an increased sur&ce area. 

Brief Description of the Drawings 

In order to more fully understand the diawings referred to in the detailed description of 
the present invention, a brief description of each drawing is presented, m which: 

FIG. 1 is a schematic diagram of a structure composed of a crystalline dielectric thin films 
deposited on a metallic foil, according to the present invention. 

FIG- 2 is a flow chart diagram showmg steps of manufact^ng a ferroelectric thin fihn 
capacitor, accordmg to the present invention. 

FIG. 3 demonstiates the relationship of poie size to the metalrpolyvinylpytrolidone ratio. 

FIG. 4 is a scanning electron microscope (SEM) micrograph illustrating the ferroelectric 
film morphology of composites prepared in accordance with the invention. 

Detailed Description of the Preferred Embodiments 

Structures derived from the composites of the mvention are especially suitable in device 
appHcations such as thm fihn capacitors, ferroelectric memory devices, pyroelectric sensor 
devices, waveguide modulators and acoustic sensors. Such devices exhibit improved electrical 
characteristics. For instance, when used in capacitors, the ferroelectric thin film composites 

• ■ • 

render reduced leakage current and improved top contact adhesion, yield and uniformity. 

The thin film ferroelectric devices, set forth in FIG, 1, may be prepared by depositing 
onto a substrate, a precursor composition for a first dielectric thin filin layer, a second thin film 
layer and an optional buffer layer. Each of flie layers is preferably prepared from a precursor 
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composition using sol-gel techniques. Suitable low temperature sol-gel coating techniques 
include spin coating, dip coating, spray coating, meniscus coating, flow coating, physical vapor 
deposition (PVD), and metal organic chemical vapor deposition (MOCVD). 

The first thin film precursor composition contains an organic solvent and organometallic 
components capable of forming the desired inorganic oxide dielectric. The coated substrate is 
then heated until a dielectric thin film layer is obtained. In a preferred embodiment, the mixture 
is mixed at approximately 1 10° C for about 90 minutes. 

The buffer precursor composition contains an organic solvent and organometallic 
compounds. After deposition, the composition is heated, prior to applying the precvursor for the 
first dielectric thin fihn layer, to remove the organic components and to render a dense buffer 
layer on the substrate. Typically, the composition is baked at a temperature firom about lOO^C 
to about 450^C and for a duration of about one to ten minutes. The organometallic compounds 
m the buffer precursor composition form, upon heating, inorgariic oxides wliich, while 
exhibiting dielectric properties, provide improved attachment and bonding of the first dielectric 
tiiin film layer onto the substrate. The inorganic oxide of the buffer layer may be those 
recognized in the art The buffer precursor composition may optionally contain a polymeric 
heterocyclic amide (such as polyvinylpyrrolidone). The optional buffer layer has a thickness 
between fi-om about 40 nm to about 300 run. The buffer layer may serve as a barrier against 
mechanical stress and failure fi:om the substrate. 

The first dielectric layer may be composed of one or more dielectric layers wherein each 
layer is deposited and heated prior to deposition of the next layer. Thus, the first dielectric layer, 
as that term is used herein, may consist of multiple layers. The preciusor composition for each of 
the layers is preferably the same. Whai composed of multiple layers, the dielectric layers may 
be in a regular or irregular superlattice structure. The total thickness of the first dielectric thm 
film layer is between fi^m about 50 nm to about 900 nm. Hie total thickness of the first 
dielectric thin fihn layer is generally greater than the thickness of the buffer layer, -when present. 
Thickness may be controlled by rotation rate and the viscosity of the precursor compositioiL 

A second precursor composition for a second (or contact) thin film layer is then sol-gel 
deposited onto the first dielectric thin film layer. The second thin film layer contains organic 
solvent, a polymeric heterocychc amide and organometallic compound. Upon deposition, the 
composite is heated at approximately 110° C until a porous thin film layer is obtained. The 
thickness of the second thin film layer is between from about 40 to about 300 nm. The amount 
of porosity of the porous thin layer is dependent upon the ratio of titanium, rdobium, or 
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tantalum metal ia the precursor composition to polymeric heterocyclic amide. Preferably the 
molar ratio of polymeric heterocyclic amide to metal in the precursor composition is between 
fi:om about 0.1 to about 1.0. By changing the polymeric heterocyclic amide to metal ratio, it is 
possible to change the density and size distribution of the pores. Thus, changing this ratio can 
modify essentially the total surface area of a given layer obtained fiom the precursor 
composition. 

The precursor composition of the buffer layer, fiist dielectric thin film layer, and/or 
second thin film layer may flulher contain a stabilizing amount of a glycol, such as 
polyethylene glycol. 

The resulting product is annealed and a patterned thin metal layer may then be formed. 
The onset of the ferroelectric transition depends on the annealing temperature. Thus, the 
product is annealed at elevated temperature until crystallization. Generally, the annealing 
conditions will be selected to increase the grain size of the substrate comprising the thin film 
composite as well as to induce a textured condition in the substute. Annealing may proceed in 
an oven at a temperature of from about 500** C to about 850** C for approximately one horn: or 
by r^id thermal annealing using quartz halogen lamps, lasei-assisted annealing using, for 
example, an excimer or carbon dioxide laser, or using electron beam annealing. Sxibsequent 
annealing, in turn, enhances the texture and degree of crystallinity of the dielectric thin iSlm. 
The resulting porous structme provides an increased surface area and thus improves adhesion. 
Annealing further promotes film crystallinity. 

The inorganic oxide of the optional buffer layer, first dielectric thin film layer or second 
thin fihn layer are typically composed of the same elements although the ratio of* the elements 
may be different. In a preferred embodiment, the inorganic oxide of the first dielectric thin film 
layer and the second thin film layer are identical. Each of the film layers is preferably 
polycrystalline or nanocrystalline filnt 

Exemplary as the inorganic oxide of either the buffer, first dielectric thin fiLlm layer, or 
second thin film layer is lead lanthanide titanate, lead titahate, lead zirconate, lead magnesium 
niobate, barium titanate, lead zirconate ritanate, barium strontium titanate, lanthanum-modified 
lead zirconate titanate, bismuth zinc niobate and bismuth strontium tantalite. Preferred oxides 
are lead zirconate titanate, barium strontium titanate, lanthanum-modified lead zirconate 
titanate, bismuth zinc niobate and bismuth stroritium tantalite. 

Especially preferred are those titanates of the formula PbZri.x TixOj family with 0 < x < 1; 
preferred are those of the formula PbZxxTixOa wherein x is between firom about 0.30 to about 
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0.70, more prefeiably between from about 0.35 to about 0.65, Especially prefeired as barium 
strontium titanates are those of the formula (Bai.xSrx)Ti03 wherein 0 < x < 1.0, most preferably 
wherein x is between from about 0.1 to about 0.9, most preferably 0.3 to about 0,7. One 
piefenred embodiment is represented by the foimula Bao^Sro sTiOs, Especially preferred as 
lanthanum-modified lead zirconate titanates are those of the formula PbyLajCZri-xTijOOs, Avherein 
X is from about 0.30 to about 0,70, preferably between from about 0.35 to about 0.65, y is from 
0.95 to about 1.25, and z is from about 0 to about 0.15. Further preferred as bismiath zinc 
niobates aie those of the formula Bi3xZn2(i-x)Nb2-x07 wherein x is from about 0.40 to aboxit 0.75; 
and bismuth strontium tantalates of the formula SrxBiyTajOs+x +3yy2 wherein x is from about 0.50 
to about 1 .0 and y is from about 1 .9 to about 2.5. 

Suitable substrates of the thin film composite include semiconductor, glass and metallic 
foils, preferably metallic foUs. Suitable semiconductor substrates include a Group 12-16 
element such as siUcon, SiGe and GaAs. Preferred as metallic foils are nickel alloys, 
aluminum, brass, titanium, nickel-coated copper, platinum, stainless steel, platinum-plated 
sihcon and nickel-coated copper foils. 

The constituency of tlie organometaUic components in the precursor composition is 
dependent on the desired dielectric fihn. Typically the titanium, niobium and tantalum elements 
of the dielectric orginate from a metal allcoxide, such as titanium isopropoxide. The remaining 
metals are typically derived from metal acetates. For instance, the precursor solution, of the 
buffer layer may be prepared by using startmg materials containing the requisite amounts of 
barium, strontium, lead, and lanthanum precursors, such as barium acetate, strontium acetate, 
lead acetate, lanthanum isopropoxide, titanium isopropoxide, andpolyvmylpyrrolidone. 

The organic solvent used in the precursor compositions is typically a glycol, sach as 
ethylene glycol and propylene glycol, or an alkanol, such as ethanol, isopropyl alcx>hol, 
methanol and n-butanol, or weak organic acids, such as acetic acid. 

In the sol-gel piocess, a non-aqueous solution of reactants is reacted at the desired 
stoichiqmetry and contiollably hydrolyzed with a solvent/water solution. A thm, adhereat fihn 
of the hydrolyzed aikoxide solution ("sol") is then applied to the substrate at 1,000 to 3,000 
rpm. It is most preferred that all reactants used in each of the alternative processes be of high 
purity. Generally, the level of purity is greater thatn 90%, preferably greater than 95^/6, and 
most preferably greater than 99%. In addition, it is piefeired that the individual steps of the 
invention be conducted in a nitrogen-free atmosphere, prefaably under vacuum 



wo 2005/085496 PCT/1B2005/000546 

7 

FIG. 2 illustrates an exemplary process for a composite barium strontium titanate as the 
dielectiic layer. Barium acetate and strontium acetate are dissolved in the acetic acid and the 
solution is mixed at elevated temperature. In a second vessel is stined an alkanol and -titanium 
alkoxide and the resulting solution is then stirred, typically for an additional one to two hours. 
The solution is then introduced to the barium strontium solution. The resulting solution is then 
coated onto a suitable substrate for a suitable time to achieve uniform deposition of coating, 
such as spin coating. Typically, the spin coating proceeds through two stages. In the first stage, 
Uie solution is spin coated at a speed of about 2000 rpm, typically for about 10 seconds. La the 
second stage, the solution is spin coated onto the substrate at a speed of approximately 4000 
rpm, typicaUy for about 10 seconds. Alternatively, the substrate may be dipped into the 
above-described solution for coating of flie thin film. 

In separate vessels, acetic acid is introduced to barium acetate and strontium acetate (in 
one vessel) and polyvinylpyrroUdone, alkanol and titanium alkoxide (m a second vessel). The 
second vessel is mixed with the contents &om the first vessel. The resulting solution is heated 
and applied onto the first thin fihn. The product is then heated and annealed. 

Formation of the relatively thin electrode layer onto this second layer includes two 
steps. In the first step, the porous thin fihn layer is made conductive by coating it with Ni, Cu, 
Au, Ag, Si, Al, or Pd. The composite is then immersed in an appropriate solution and 
subsequently electroplated to form a top metal contact 

Ferroelectric thin fihn capacitors having a pattemed thin metal layer and formed by the 
sol-gel precursor solutions exhibit, for instance when used in capacitors, reduced leakage current 
and improved top contact adhesion, yield and uniformity across the capacitor. Such 
miprovements are due to the presence in the structure of the layer prepared firom the precursor 
composition containing the heterocyclic amide polymer and dielectric formmg sol. The 
deposition of the second precursor composition containing the polymeric heterocyclic amide 
further provides increased siffface area which thereby improves adhesion. 

The capacitors have particular apphcability in the semiconductor industry especially in 
the construction and manufacturing of integrated circuits, hi addition, it may be used by hybrid 
semicoriductor manufacturers usmg discrete dielectrics and storage systems on or off the hybrid 
template. It may be further be used by printed circuit board manufecturers for the puiposes of 
embedding large value capacitance in multilayer boards. Still fiirther it may be used by (i.) 
communications mdustry in portable, cellular phones and critical systems power backup (such as 
emergency generators); (ii.) military sector usage m advanced guidance systems, controls. 
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targeting and tracking systems or any application requiring backq) power sources or highly 
condensed electronics; or (iii.) electric vehicles, land, sea, air and/or space as the primary backup 
or initiating power source. 

The resulting composite showed significant improvements in cuirent voltage, breakdown 
strength, leakage cuuent density and loss tangent For instance, the presence of the buffer layer 
in the composite of the invention reduces statistical average of leakage cmxent density and 
narrows distribution of leakage cuirent density due to uniformity. 

Improvements may be noted in FIG, 4 which presents a scanning election microscope 
(SEM) micrograph of a Bao.5Sro.5Ti03 feiroelectric film structure incorporating a buffer layer 
prepared fi:om a BacsSrosTiOi precursor composition containing polyvinylpyrrolidione. The 
composite was prepared in accordance with the methodology set forth in FIG. 2. Each of the 
buffer layer, first thin film layer and second thin film layers was prepared fi:om a Bao.sSro sTiOa 
precursor composition. The fihn was annealed at 600**C in air. FIG. 4 presents a SEM of (he 
morphology of the ferroelectric fihn. The relationship of tiie pore size to ratio of TiiPVP in the 
dielectric solution is evident in FIG. 3 wherein the polyvinylpyrrolidone content in the dielectric 
is changed firom 0.15 to 0.50. The size of the rmcropores change with the polyvinylpyrrolidone 
content in the solution. Thus, the size of the pores can be controlled by the polyvinylpyrrolidone 
content in the dielectric solution. 

The above describes tiie practice of the present invention in its preferred embodiments. 
Other embodiments within the scope of the claims herein will be apparent to one skilled in the art 
firom consideration of the specification and practice of the invention as disclosed herein. It is 
intended fliat the specification be considered exemplary only, with the scope and spirit of the 
invention being indicated by the claims which follow. 
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CLAIMS 

What is claimed is: 

1 . A method of maidng a multi-layer ferroelectric thin film composite which comprises: 
(A.) depositing onto a substrate a first precursor composition for a first dielectric 
thin film layer and heating for a time sufficient to render a first dielectiic thin film layer ; 
and 

(B.) depositing onto the first dielectric thin film layer a second precursor composition 
for a second thin film layer comprising an organic solvent, a polymeric heterocyclic amide 
and organometallic compound and heating for a time sufficient to lend^ a porous thin film 
layer, wherein the amount of porosity of the porous thin layer is dependent upon the ratio of 
organometalhc compound to polymeric heterocyclic amide in the second precursor 
composition; and 

(C.) annealing the product of step (B.). 

2. The method of Claim 1, further comprising, prior to depositing the first precursor 
composition onto the substrate, depositing onto the substrate a buffer precursor composition 
comprising an organic solvent and organic metallic compounds, and then heating to obtain a 
composite of a buffer layer and substrate. 

3 . The method of Claim 2, vAierem the thickness of the bufifer layer is iq) to 3 00 mn, 

4. The method of Claim 2 or 3, wherein the buffer layer further comprises a polymeric 
heterocyclic amide. 

5. The method of Claim 1, wherein the product of step (C.) is annealed at a temperature 
between firom about 550° C to about 750'' C. 

6. The method of Claim 1, wherein the first dielectric thin fihn layer lias a thickness 
between firom about 50 to about 900 nm. 

7. The method of Claim 6, wherein the second thin film layer has a thickness between firom 
about 40 to about 300 nm. 
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8. The method of Claim 1, vrtierein the porosity of the second thin fihn layer is controlled by 
the molar ratio of metal:polyvinylpyiToIidone. 

9. The method of Claim 1, wherein some of the elements in the first dielectric thin film layer 
and second thin fihn layer aie the same. 

1 0. The metliod of Claim 1, wherein the first dielectric thin film layer and/or second thin fiilm 
layer is selected fiom the group consisting of a lead lanthanide titanate, lead titanate, lead 
zirconate, lead magnesium niobate, barium titanate, lead lantlianum zirconate titauate, lead 
zirconate titanate, baiiimi strontium titanate, lanthanum-modified lead zirconate titanate, bismuth 
zinc niobate and bismuth strontium tantalite. 

IL The method of Claim 10, wherein the first dielectric thin film layer and/or second thin 
film layer comprises lead zirconate titanate, barium strontium titanate, lanthanum-modified lead 
zirconate titanate, bismuth zinc niobate and/or bismuth strontium tantalite. 

12. The method of Claim 1 1, herein the first dielectric thin film layer and/or second thin 
fihn layer are of the formula (Bai-xSr^OTiOi, PbZri-xTixOi or Pby Laz (Zri.xTix)03 wherein x is 
between firom about 0.1 to about 0.9, y is from about 0.95 to about 1.25 and z is between fiom 
about 0 to about 0.15. 

13. The method of Claim 12, wherein x is between fix)m about 0.30 to about 0,70. 

14. The method of Claim 11, wherein the first dielectric thin film layer and/or second thin 
fihn layer are of the formula Bi3xZn2(i.x)Nb2-x07 wherein x is between &om about 0.40 to about 
0.75. 

15. The method of Claim 11, wherein the first dielectric thin film layer and/or second thin 
film layer are of the formula SixBiyTa2054^ wherein x is between fiom about 0.50 to about 
1,0 and y is between fiom about 1.9 to about 2.5. 

16. The method of Claim 1, wherein the substrate is selected fi-om the group consisting of a 
semiconductor, glass or a metalUc foil. 
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17. The method of Claim 16, wheiein the semiconductor contains a Group 12 - 16 metal and 
the metallic foil is selected from the ffoup consisting of alximinum, brass, nickel alloy, nickel- 
coated copper, platinum, titanium and stainless steel foil. 

18. The method of Claim 1, wherein the first dielectric thin film layer is composed of 
several dielectric layers in a regular or irregular superlattice structure. 

19. The method of Claim 1, wherein at least one of the first dielectric thin film layer or 
second thin fihn layer is formed by the deposition of a composition containing polyethylene 
glycol. 

20. The metliod of Claim 1, fiirther comprising forming a relatively thin electrode layer on 
top of the porous layer. 

2 1 . The method of Claim 20, wherein the electrode layei comprises Ni, Cu, Au, Ag or Pd. 

22. A method of making a multi-layer ferroelectric thin film composite which comprises: 
(A.) depositing onto a substrate a precursor composition for a buffer layer and heating 
until formiog a buffer layer having a thickness between firom about 0 to about 300 nm; 

(B.) depositing onto the buffer layer a second precursor composition for a first 
dielectric thin film layer and heating until a dielectric thin film layer having a thickness of 
fiom about 50 to about 900 nm is formed, the thickness of the first dielectric thin film layer 
being greater than the thickness of the buffer layer; and 

(C.) depositing onto the first thin film layer a third precursor composition containing 
polyvinylpyrrolidone for a second thin film layer and heating imtil a porous thin film layer 
having a thickness of from about 40 to about 300 nm is formed; and 
(D.) armealing the product of step (C.) at a temperature between firom about 550° C 
to about 750° C. 

23 . A method of making a multi-layer, thin film composite which comprises: 

(A.) sol-gel depositing onto a substrate a precursor composition for a buffer layer, the 
precursor composition comprising an organic solvent and organic metallic compounds; 
(B.) heating the product of step (A.) to render a composite of a buffer layer and 
substrate; 
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(C.) sol-gel depositing onto the product of step (B.) a precursor composition for a first 
thin film layer comprising an organic solvent and organometallic compounds; 
(D.) heating the product of step (C.) to render a composite wherein the buffer layer is 
between the substrate and the first thin film layer and wherein the thickness of the first thin 
fihn layer is greater than the thickness of the buffer layer; 

(E.) sol-gel depositing onto the product of step (D.) a precursor composition for a 
second thin film layer comprising an organic solvent, a polymeric heterocycUc amide and 
organometallic compounds; 

(F.) heating the product of step (E.) to render a composite wherein the first thin film 
layer is between the buffer layer and the second thm fihn layer and further wherein the 
second thin film layer is porous; and 
(G.) anneaUng the product of step (F.)- 

24. The method of either Claim 22 or 23, wherein the polymeric heterocyclic amide is 
poljrvinylpyrrolidone- 

25. The method of either Claim 22 or 23, wherein the buffer layer of step (B.) has a thickness 
firom 0 to about 300 nm. 

26. A ferroelectric thin film capacitor, memory device, pyroelectric sensor device, wave 
guide modulator or acoustic sensoi containing the multi-layer thin film composite of any of 
Claims 1 to 25. 



27. The method of Claim 23, wherein some of the elements in the buffer layer, first 
dielectric thin film layer, and second thin film layer ate the same. 



wo 2005/085496 



1/4 



PCT/IB2005/000546 




Dielectric Layer 



Buffer Layer 



Metallic Foil 



^ Metal electrodes 
PVP containing layer 

n layers of dielectric coating 



Fig.l 



wo 2005/0S5496 



2/4 



Fig. 2 



BST Solution 



PCT/IB200S/000546 



[ 



Acetic acid 



Barhun acetate 
and 

Stronthun acetate 



n-butanol in N2 

~~r~ 



Mixing at 1 lO^'C for 90min 
in a vacnnffl 



Ti isopzopoxide 



I 



Coating Step 



Heating at SSC'C 

I— 



Coating Step 



Heating at lOO^'C and then at 350^C 



I 



Annealing at various 
temperatmes in air 



Polyvinylpyrrolidone 
containing BST Solution 



Polyvmylpynolxdone 



Acetic acid 



i 



Baiium acetate 
and 

Sttondum acetate 



n-butanol in N2 

~~l — 



Ti isopropoxide 



Mixing at 1 10**C for 90min 
ina vacuom 



wo 2005/085496 



3/4 



PCT/IB200S/000S46 




PVP:Ti=0.15 




PVP:Ti=0.20 




PVP:Ti=0.25 




3 . e k V X 2 0 . e k' ' 1 .* 5 S'p m 



PVP:Ti=0.50 



Kg. 3 



wo 2005/085496 



4/4 



PCT/rB2005/000546 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



COLOR OR BLACK AND WHITE PHOTOGRAPHS 



GRAY SCALE DOCUMENTS 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 




IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



